35 Cl NQR frequencies of some N-(substitutedphenyl)-amides represented by the general formula, X y C 6 H 5−y NHCOR (where X = H or Cl; y = 0, 1 or 2 and R = H, CH 3 , CH 2 CH 3 , CH(CH 3 ) 2 , C(CH 3 ) 3 , CH 2 Cl, CHCl 2 or CCl 3 ) have been measured and compared with those of other compounds in the family to analyse the effect of substitution in the side chain on the frequencies. Comparison of 35 Cl NQR frequencies of all the N-(2-chlorophenyl)-and N-(2,6-dichlorophenyl)-amides reveals that the presence of alkyl groups in the side chain lowers the frequency, while that of aryl or chlorosubstituted alkyl groups enhance the frequencies to some extent, when compared to the frequencies of either N-(2-chlorophenyl)-acetamide or N-(2,6-dichlorophenyl)-acetamide. In addition, the crystal structures of N-(phenyl)-2-chloro-2-methylacetamide (C 6 H 5 NHCOCHClCH 3 ) and N-(phenyl)-2-chloro-benzamide (C 6 H 5 NHCO-(2-ClC 6 H 4 )) have been determined and the data analysed along with the crystal structures of related compounds. The data (lattice constants inÅ) of the new structures are: C 6 H 5 NHCO-CHClCH 3 : monoclinic, P2 1 /c, Z = 4, a = 10.879(2), b = 9.561(2), c = 10.067(2), β = 116.080(10) • ; C 6 H 5 NHCO-(2-ClC 6 H 4 ): tetragonal, P4(3), Z = 4, a = 8.795(4), b = 8.795(4), c = 15.115(6), β = 90.0 • . It is evident from a comparison, that the side chain substitution influences the C(S)-C(O) bond length, while the effect on the other bond lengths is not significant except for benzanilide. Similarly, only the side chain angles are affected to some extent. The variations do not show definite trends, probably due to the differences in the crystallisations.
Introduction
The combined tool of nuclear quadrupole resonance (NQR) spectroscopy and crystal structure studies has been extensively used to investigate the structural aspects of a variety of compounds [1 -3] . Amides are of fundamental chemical interest as conjugation between the nitrogen lone pair electrons and the carbonyl π-bond results in distinct physical and chemical properties [4] . The amide moiety is an important constituent of many biologically significant compounds [4, 5] .
The 35 Cl NQR and infrared spectra of a number of N-(chlorophenyl)-chloroacetamides have been studied [6 -10] . We have recently prepared several substituted amides of the configuration: X y C 6 H 5−y -NHCO-CH 3−y Cl y (where X = CH 3 , NO 2 or Br and y = 1, 2 or 3) and measured their 35 Cl NQR and IR spectra [9 -10] . The crystal structures of some of the N-phenyl 0932-0784 / 03 / 0400-0225 $ 06.00 c 2003 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com acetamides have also been determined [11 -19] . As part of the work aimed at correlating 35 Cl NQR frequencies of the substituted N-phenylamides represented by the general formula, X y C 6 H 5−y NHCOR (where X = H or Cl; y = 0, 1 or 2 and R = H, CH 3 , CH 2 CH 3 , CH(CH 3 ) 2 , C(CH 3 ) 3 , CH 2 Cl, CHCl 2 or CCl 3 ) with their chemical bond parameters, we report here the 35 Cl NQR spectra of N-(substitutedphenyl)-amides, namely, N-(phenyl)-2-chlorobenzamide, N-(2-chlorophenyl)-benzamide, N-(2-chlorophenyl)-2-chlorobenzamide, N-(2-chlorophenyl)-2,2,2-trimethylacetamide and N-(2,6-dichlorophenyl)-benzamide. 35 Cl NQR frequencies of all the substituted N-(2-chlorophenyl) and N-(2,6-dichlorophenyl)-amides have also been analysed.
Further, to see how the -NHCO-bond parameters vary with substitution in the side chain, the crystal structures of N-(phenyl)-2-chloro-2-methylacetamide All N-(2,6-dichlorophenyl)-amides except N-(2,6-dichlorophenyl)-benzamide showed two 35 Cl NQR ring C-Cl frequencies for the two chlorine atoms present in them. Hence the average of two frequencies are given. 
Experimental Section

Preparation and Characterization of the Compounds
The N-(substitutedphenyl)-amides were prepared from substituted anilines, substituted benzoic acids or pivalic acid (Aldrich, Germany) and thionyl chloride. N-(Phenyl)-2-chloro-2-methylacetamide and N-(phenyl)-2-chlorobenzamide were prepared from aniline, 2-chloro-2-methylacetic acid or 2-chlorobenzoic acid (Aldrich, Germany) and thionyl chloride with constant stirring [6, 7, 20] . The resulting mixtures were slowly warmed to expel HCl. Excess thionyl chloride was hydrolysed by adding cold water dropwise under ice cold conditions. HCl produced was removed by treating with excess of 2M NaOH. The solids separated were filtered under suction, washed thoroughly with water and dried. The substitutedphenyl acetamides thus prepared were recrystallised from ethanol several times. Purity of the compounds was checked by elemental analysis and by determining their melting points. The compounds have been further characterised by recording their infrared spectra on a JASCO-430 (Japan) FT/IR spectrometer. The resolution of the spectrometer was set to 4 cm −1 and the scanning range was 400 to 4000 cm −1 . The spectra were measured in the solid state as pressed KBr pellets (13 mm). (6) 559 (1) 421 (1) 2161 (1) 48(1) C (7) 1785 (1) 893 (1) 2130 (2) 44(1) C (8) 1780 (2) 1986 (2) 1233 (2) 59(1) C (9) 3001 (2) 2431 (2) 1258 (2) 75(1) C (10) 4216 (2) 1795 (2) 2157 (2) 75(1) C (11) 4211 (2) 680 (2) 3009 (2) 72(1) C (12) 2998 (2) 222 (2) 3004 (2) 60 (1) C 6 H 5 NHCO-(2-ClC 6 H 4 ):
Cl (1) 1006 (2) 7404 (3) 1335 (1) 129(1) C (2) 2955 (6) 7344 (5) 1187 (3) 80(1) C (3) 3589 (9) 8360 (6) 590 (4) 103(2) C (4) 5138 (9) 8263 (7) 450 (4) 109(2) C (5) 6021 (7) 7211 (9) 851 (4) 112(2) C (6) 5365 (6) 6221 (7) 1447 (3) 91(1) C (7) 3816 (6) 6282 (5) 1628 (2) 67(1) C (8) 3177 (5) 5318 (4) 2364 (2) 63(1) O (9) 2627 (4) 5919 (3) 3025 (2) 75(1) N (10) 3292 (4) 3814 (4) 2237 (2) 64(1) C (11) 2799 (4) 2637 (4) 2811 (2) 60(1) C (12) 3381 (6) 1188 (5) 2661 (3) 78(1) C (13) 2849 (7) −21 (5) 3157 (4) 94(2) C (14) 1766 ( stituted)-amides were measured at 77 K. The spectra were registered by the continuous wave method with a superregenerative spectrometer. Temperature at the sample site was produced by a stream of temperature and flow regulated nitrogen gas or with a liquid nitrogen bath at 77 K. The temperatures at the sample site were measured by copper-constantan thermocouples to ±1 K. The resonance frequencies were measured via a frequency counter to an accuracy of ±5 kHz. The latter accuracy was determined by the line width of the resonances, which was between 10 and 20 kHz.
X-ray Diffraction Studies
Small crystals were selected for structure determinations, which were carried out at room temperature. The collected intensity data were corrected for Lorentz polarisation and absorption. The positional parameters were determined by direct methods and least squares refinement (SHELXL-97) [21 -27] . For locating the hydrogen atom positions, the C-H distances were fixed to 0.93Å for the ring hydrogen atoms, while the side chain C-H distances were fixed to 0.96Å for the CH 3 group. Further experimental conditions for structure determinations and refinements are given in Table 2 .
Results and Discussion
The 35 Cl NQR frequencies from the literature [28, 29] or the present studies are listed in Table 1 .
There was no problem in assigning the frequencies as there are only 35 Cl NQR frequencies of the ring C-Cl in all benzanilides. N-(2,6-Dichlorophenyl)-benzamide showed one C-Cl 35 Cl NQR frequency at 36.412 MHz for the two chlorine atoms present. The two atoms may be crystallographically equivalent. Further, 35 Cl NQR frequency of C-Cl in the ring attached to the amide group is slightly higher than that attached to the carbonyl oxygen.
Comparison of 35 Cl NQR frequencies of all the N-(2-chlorophenyl)-and N-(2,6-dichlorophenyl)-amides in Table 1 revealed that the presence of alkyl groups in the side chain lowers the frequency, while that of aryl or chlorosubstituted alkyl groups enhance the frequencies to some extent, with one exception, when compared to the frequencies of either N-(2-chlorophenyl)-acetamide or N-(2,6-dichlorophenyl)-acetamide. The exception of N-(2-chlorophenyl)-2,2,2-trichloroacetamide may be due to the fact that the chemically equivalent chlorine atoms may exhibit different NQR frequencies due to the crystal field effect.
The crystallographic data for the compounds, N-(phenyl)-2-chloro-2-methylacetamide and N-(phenyl)-2-chlorobenzamide are given in Table 2 . The atomic coordinates and the mean displacement parameters are listed in Table 3, while Tables 4 and 5 To analyse the effect of substitution in the side chain on the crystal structures, the structural data of the compounds, N-(phenyl)-2-chloro-2-methylacetamide and N-(phenyl)-2-chlorobenzamide have been compared with those of N-(phenyl)-acetamide, N-(phenyl)-2,2-dichloroacetamide, N-(phenyl)-2,2,2-trichloroacetamide, N-(phenyl)-2,2,2-trimethylacetamide and N-(phenyl)-benzamide (Tables 6 and 7) . It is evident from the data that the side chain substitution influences the C(S)-C(O) bond length, while the effect on other bond lengths is not significant except for benzanilide. Similarly only the side chain angles are affected to some extent, while the other angles are not much influenced by the side chain substitution. The variations do not show a definite trend, probably due to differences in crystallisation of the compounds.
